Silver nanoparticles within a host polymer of chitosan were synthesized by using in situ method. Ultraviolet-visible spectroscopy was then carried out for the prepared chitosan : silver triflate (CS : AgTf) samples, showing a surface plasmonic resonance (SPR) peak at 420 nm. To prepare polymer composites with reduced energy band gap, different amounts of alumina nanoparticles were incorporated into the CS : AgTf solution. In the present work, the results showed that the reduced silver nanoparticles and their adsorption on wide band gap alumina (Al 2 O 3 ) particles are an excellent approach for the preparation of polymer composites with small optical band gaps. The optical dielectric loss parameter has been used to determine the band gap experimentally. The physics behind the optical dielectric loss were interpreted from the viewpoint of quantum mechanics. From the quantum-mechanics viewpoint, optical dielectric loss was also found to be a complex equation and required lengthy numerical computation. From the TEM investigation, the adsorption of silver nanoparticles on alumina has been observed. The optical micrograph images showed white spots (silver specks) with different sizes on the surface of the films. The second semicircle in impedance Cole-Cole plots was found and attributed to the silver particles.
Introduction
Ion-conducting polymers, which are solid-state solutions of salts in polymers, are nowadays becoming an active area of material researches [1, 2] . Polar polymers are able to coordinate with cations of the salt, resulting in the dissolution of the salt. This is due to the presence of functional groups with large sufficient electronegativity [3, 4] . It is reported that the electrical and optical properties of polymers can be improved to a desired value by incorporating suitable dopant materials [5, 6] . Since the original work of Weston and Steele [7] , nanocomposite polymer electrolytes (NCPEs) have received considerable scientific attention and it has been proven that nanofiller dispersion is an accepted approach to overcome any shortcomings, such as the mechanical strength. Chitin is the second most existing biopolymer in the world, derived from the cell walls of fungi and insect and the exoskeletons of crustaceans [8] . Chitosan is derived from chitin and it has attracted significant attention as a functional, nontoxic, biodegradable biopolymer for a wide application in medicine and in electrochemical devices [9] . The existence of amino and hydroxyl functional groups on CS's backbone structure are the unique properties that separate CS from other biopolymers [10, 11] . Polymers, such as CS, poly(ethylene oxide) (PEO), poly(2-ethyl-2-oxazoline) (POZ), and poly(vinyl pyrrolidone) (PVP), containing polar 2 Journal of Nanomaterials groups have been introduced as a polymer solvent for the silver salts to be dissolved [12] . Earlier works established that lone-pair electrons on the functional groups of polar polymers are responsible for the complexation and reduction of silver ions to silver nanoparticles [13] [14] [15] [16] . This phenomenon (i.e., Ag + → AgO) limits the application of silver-based ionconducting polymer electrolytes in electrochemical devices [17, 18] . However, this phenomenon may be beneficial for the preparation of polymer nanocomposites with small optical band gaps [14] . Alumina (Al 2 O 3 ) has recently received considerable attention in materials science because it is key material in many applications, such as metal-oxide semiconductor devices, dye-sensitized solar cells, and corrosion protection [19] . It is reported that properties of the aluminabased nanocomposites with the transition metals are shown to be improved in comparison to their bulk counterpart. The mechanical and transport properties of alumina have been shown to be improved through the incorporation of silver nanoparticles [20] . The results of the current study reveal that the adsorption of silver nanoparticles on Al 2 O 3 structure through the host polar polymers produces polymer composites with small optical band gaps.
Materials and Sample Preparation
Chitosan from crab shells (≥75% deacetylated, average molecular weight 1.1×10
5 , procured from Sigma), aluminum oxide (Al 2 O 3 , size < 50 nm), and silver triflate (AgCF 3 SO 3 ) were provided by Sigma-Aldrich. Acetic acid with concentration of 1% was prepared by glacial acetic acid solution and used as a dissolver to prepare the nanocomposite solid polymer electrolytes (SPE). The SPE films were then prepared by the solution cast technique. Here, 1 gm of chitosan (CS) was dissolved in 100 ml of 1% acetic acid solution. In order to completely dissolve the chitosan powder in the acetic acid solution at room temperature, the mixture was then stirred continuously for several hours by using a magnetic stirrer. Silver triflate (AgTf) with 30 wt.% was then added to the solution. The mixture was further stirred to achieve a homogeneous solution. Here, the color of the solution was changed from colorless to brown, indicating the formation of AgO in the aqueous solution. Polymer nanocomposites (PNs) were then prepared by dispersing and stirring Al 2 O 3 in 20 mL acetic acid solution. The concentrations of Al 2 O 3 were varied from 1% to 5%. Next, under constant stirring, the Al 2 O 3 dispersoids were mixed with CS : AgTf (0.7 : 0.3) solutions. After that, the solutions were cast into various clean and dry Petri dish and they were allowed to be evaporated at room temperature until solvent-free films of NCPE were formed. For further drying, the films were kept in desiccators with blue silica gel desiccant. The samples were coded as PN1, PN2, and PN3 for CS : AgTf incorporated with 1, 3, and 5 wt.% of Al 2 O 3 content, respectively.
Characterization Techniques
The ultraviolet-visible (UV-Vis) spectra, in absorbance mode within the wavelength range of 180-1000 nm, were recorded for the prepared films, using a Jasco V-570, UV-Vis-NIR spectrophotometer (Japan, Jasco SLM-468). An optical microscope (MEIJI, model) was used to realize the nanocomposites films. The images of the surface of the samples at adjusted magnification were taken by a high-quality digital camera attached to the optical microscope and software from Dino-Lite. The impedance of the samples, in the frequency range of 50 Hz to 1 MHz, was also measured by using the HIOKI 3531-Z HiTester. Transmission electron microscopy (TEM) images of the polymer nanocomposites containing Al 2 O 3 nanoparticles were recorded using a LEO-Libra transmission electron microscope (with accelerating voltage of 120 kV). The samples for the TEM imaging were prepared by placing a drop of the solution on a carbon-coated copper grid and the solvent was allowed to be dried at room temperature after the removal of excessive solution by a filter paper. Figure 1 shows the UV-Vis absorption spectra of pure CS and CS : AgTf (0.7 : 0.3) samples. From the figure, it is obvious that a surface plasmonic resonance (SPR) peak at 428 nm is exhibited for the CS : AgTf system, while this peak is absent in the spectrum of pure CS sample. The absorption spectra for the nanocomposite samples were also carried out as shown in Figure 2 . It is clear that the optical absorption onset starts at high wavelengths. It can be seen from the figures that all the samples possess the SPR peak at around of 423 nm, which can be related to the existence of silver nanoparticles. In the recent year, extensive investigations have focused on the optical properties of silver nanoparticles. This is due to the strong absorption property of silver nanoparticles in the visible region as a result of the SPR phenomenon [21] . It is well established that the absorption band, which is peaked between 420 nm and 520 nm, can be related to the silver metal particles formation [16, 18, 22] . Furthermore, the intensity of SPR peak of the composite samples is found to be higher than that of CS : AgTf system. Such intensity increase was found to be directly proportional to the alumina concentration, implying an increasing amount of Ag nanoparticles [17, 18, 
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22].
It is important to notice that the SPR peak becomes more broadened with increasing the filler concentration. This may be related to the fact that the reduced silver nanoparticles attach to or enter the alumina structure. In our previous works, similar effect on the broadening of the SPR peaks due to the adsorption silver particles on TiO 2 structure has been observed [14] . This phenomenon can be more enlightened by study of band gap.
It is reported that the determination of band gap energy of film materials is considered as one of the important factors in developing their electronic band structure [23] . The estimation of optical band gap from the data of absorption coefficient versus wavelength is actually characterized by Tauc's equation [5] :
where , ℎV, B, and denote the absorption coefficient, the photon energy, the band form parameter, and the optical band gap of the samples, respectively, and n is a constant, which relates to the density of states distribution and determines the type of transition. The values of n are equal to 1/2 and 3/2 for direct allowed and forbidden transitions, respectively. The constant n also takes the values of 2 and 3 for the cases of indirect allowed and forbidden transitions, respectively [24] . Figures 3-5 show the plots of ( ℎV) 1/ versus photon energy (ℎV) based on the values of n. From these figures, different energy band gaps can be obtained and the dominant type of electronic transition is difficult to be identified. The band gap values were estimated for all the samples as summarized in Table 1 . To precisely specify the types of electronic transition in the samples, optical dielectric loss must be examined. In our previous works [14, 25] , it is established that the optical dielectric loss is the only parameter that can be used successfully to study the optical band gap and identify the dominant type of electronic transition. Journal of Nanomaterials The optical dielectric function is reported to be closely correlated to the electron-photon interaction, connecting the solid electronic structure to the physical process of interband transition. The imaginary part of the dielectric function mainly identifies the electronic transition from an occupied state to an empty state [26] . The correlation between optical dielectric loss and band structure can be realized from the following equation [27] :
where and denote the conduction band and valence band, respectively, K is the electron wave vector, is the angular frequency, BZ is the first Brillouin zone, | .
( )| 2 is momentum transition matrix element, 1 and 2 are constants, and ( ) and ( ) denote the intrinsic energy level of the conduction and valence bands, respectively. At the absorption edge, the spectral pattern of shows a sharp increase and then continues at a constant rate over the high wavelength side and then a peak appears. The peaks of dielectric loss are evidently observed shifting towards lower photon energy with increasing alumina concentration. From the quantum-mechanics (i.e., microscopic) viewpoint, the optical dielectric loss is strongly correlated to the occupied and unoccupied electronic states within a solid. Furthermore, it is microscopically confirmed that the primary peak in the imaginary part of dielectric function is in strong correspondence with the interband transitions [26, 27] . The results of the current work (shown in Figure 6 ) reveal that the calculated optical dielectric loss ( = 2 ) against the photon energy can be used to study the optical band gap. Again, from the quantum-mechanics viewpoint, the optical dielectric loss is also established to be correlated with electrons and the density of states near the Fermi energy level. Here, it is also shown that only certain electrons near the Fermi surface can participate to conduct once they absorb photon energies [14, 28] . The type of electronic transition and the optical band gap can be determined by comparison of plots obtained from Tauc's equation to those of optical dielectric loss [14, 25] . Therefore, the results of this study can reveal the possibility of using measurable macroscopic parameters, such as the optical dielectric loss , to study the band gap structure. This method of determining the band gap of the materials takes little time and is simple to analyze the data and deep knowledge from the viewpoint of physics can still be obtained. The results of this study are found to be in harmony with our previous works [29, 30] , which reveal that the optical dielectric loss can be a very good approach for the study of band gap and can be considered as an alternative method for Tauc's model. The most important point of our hypothesis for the band gap study is that the optical dielectric loss is sufficient to estimate the optical band gap and Tauc's model is an easy method to specify the type of electronic transition. From the above discussion, it is clear that the optical dielectric loss can effectively be used to study band gap; on the other hand, Tauc's model can be used to determine the type of electronic transition. From the comparison of Figure 6 with plots obtained from Tauc's method ( Figures  3-5) , it can be observed that the optical transition in PN1 and PN2 systems is forbidden direct transition type (i.e., = 3/2), while PN3 system follows the forbidden indirect transition type (i.e., = 3). It is clear that the sample incorporated with 5 wt.% of alumina exhibits smallest band gap of 1.4 eV. Earlier studies revealed that the wide optical band gap of materials can be significantly tuned by incorporating nanoparticles [14, 19, 31] . Canulescu et al. successfully reduced the optical band gap of Al 2 O 3 from 7.3 eV to 6.2 eV by incorporating 20 wt.% of titanium (Ti) atoms to the structure [19] . Similarly, an interesting reduction in the alumina band gap was also observed by Wang et al. [31] . In their studies, energy band gap of 2.82 eV has been achieved for the incorporated alumina with the AgI nanoparticle. Such reduction was attributed to the presence of unoccupied states within the band gap of Al 2 O 3 . Compared to literatures [19, 31] , the band gap of semiconductors and insulators can be further reduced in polymer composites. This is related to the fact that the conduction band of the adsorbed Ag metal particles on alumina structure can coat the valence band and the part of forbidden band under the Fermi energy level. Consequently, a metal-semiconductor interface layer may build up due to the wave function tail. These states are often called metalinduced gap states (MIGS) [14] . Here, the results of this work show that the reduction of silver ions to silver nanoparticles in polar polymers in addition to their adsorption on wide band gap materials, such as Al 2 O 3 , is an excellent method for developing the small optical band gap polymer composites. The measurement method of TEM is being recognized as the most accurate method to analyze the internal structure and view the defect structure by direct visualization of thin films [11] . Figure 7 shows the TEM image of the Al 2 O 3 particles dispersed in chitosan. Here, one can see in Figure 7 that the alumina particles are dispersed with distinguishable distances. The TEM image for CS : AgTf system incorporated with 5 wt.% of alumina particles was also taken as shown in Figure 8 . The figure reveals that most of alumina particles are covered by dark clouds of AgO nanoparticles. Such AgO adsorptions are believed to be responsible for the shrinkage of the band gap. From Figure 6 , the large amount of silver particles appears as a dark color spot [16, 22] . Similarly, TEM method was also used by Vimala et al. to observe the formation and distribution of silver nanoparticles in chitosan : AgNO 3 nanocomposite [32] . The surface morphological study may provide more information about the metallic silver particles formation. Figure 9 shows the optical micrographs of all samples studied in this work. From the surface scan of the films, different sizes of metallic silver particles appearing as white spots were observed. As reported by Sekhon et al., these white spots are attributed to the leakage of metallic silver particles [33] . Such reduction occurs since the polar polymer solvents can act as reducing agents on the cations of the silver salts [34] . From Figure 9 , one can see that the number of white spots has been increased with increasing alumina concentration. These findings reveal that the alumina nanoparticles can prevent the reduction of silver ion at low salt concentration (≤10 wt.% AgTf) [9, 18] , while at high salt concentration (30 wt.% AgTf) the alumina filler assists more silver salt reduction as observed in Figure 9 . It is well reported that, at low filler concentrations, most of the Lewis acid sites of alumina nanoparticles interact with anion of the salt, leading the interaction intensity to be decreased between the silver cation and its anion and thus a higher ionic conductivity [7, 18, 35] . The study of impedance plots may be useful to support this interpretation. However, at high filler concentrations, aggregation of the filler is expected to occur, due to the self-segregation of the nanoparticles, which arises from the hydrogen-bonding interactions among the OH groups on the filler surfaces [11, 35] . In this case, most of the silver ions may possess a reduction through the polymer polar groups and, thus, an enhancement in the SPR peak. As a result of that, more silver particles may adsorb on the alumina particles, leading the band gap to be significantly decreased, as observed in Figure 5 . The produced silver nanoparticles may act as grain boundaries for ion transport [22] . The reduction of silver ions has two effects. First, the number of ions related to the conductivity reduces, which is considered as a side effect in the application viewpoint of electrochemical devices. Second, the adsorption of silver nanoparticles on alumina particles shrinks the optical band gap which is important for photonics application.
The interparticle interaction, such as grain and grain boundary effects, can be determined with the aid of complex impedance formalism [36] . To investigate the contribution owing to different effects, the impedance Cole-Cole plot has been examined for different alumina concentrations. Figure 10 shows the impedance Cole-Cole plots measured for the composite samples. Two different phenomena can be recognized from the impedance spectra measured between the high and low frequency regions. The semicircle obtained at the higher frequency region can be attributed to the ion transport through the electrolyte, such as ionic conductivity [37] . On the other hand, the points in the impedance plots completing the second semicircle can be attributed to the presence of metallic silver particles, which act as grain boundaries [22] . In real solid electrolytes, the highfrequency dispersion characterizes the bulk material property [38]. Interfacial properties, which dominate the spectra at low frequencies and high temperature, are attributed to electrical double layer capacitances (EDLC) [16, 37] . At the low frequencies, the little data points are assigned to the EDLC phenomenon as a consequence of ion accumulation at the electrode/electrolyte interface [16] . It can be seen that the diameter of impedances at high filler concentration is increased because of the grain boundaries. This indicates that more silver ions are reduced to silver nanoparticles. It is important to mention here that the results found from the optical absorption measurements (SPR peaks) and optical micrograph images support the obtained results from the impedance measurements. Moreover, the increase of diameter of semicircles which is attributed to the formation of huge amount of silver particles confirms the achieved results of energy band gaps. It is well known that the differences in electrical property of materials originate from the band structures. Therefore, understanding the band gap is tremendously important [29] . The bulk resistivity increases when a large amount of silver ions reduced to silver particles, as depicted in Figure 10 . On the other hand, the energy band gap has been decreased (see Figure 6 ) due to the adsorption of large amount of silver particles on alumina structure. The results of the present work are essentially a great contribution to the field of polymer electrolytes and polymer composites. To the best of our knowledge, this is the first work that interprets the electrical and optical properties based on structure properties relationships. Other than the above findings, the Cole-Cole plots can also provide information about the nature of dielectric relaxation. For a pure Debye-type monodispersive process, it is possible to achieve semicircular arcs centered on the -axis [36] . It is obvious that the plots of Argand show incomplete semicircular arc with a diameter below the real impedance axis. The existence of the semicircle with its center below the real axis indicates that ions have different relaxation times [22, 39, 40] .
Conclusions
Silver nanoparticles inside the chitosan polymer have been synthesized by in situ method. The surface plasmonic resonance (SPR) peaks at 420 nm have been observed. Different amounts of alumina nanoparticles were incorporated into chitosan : silver triflate (CS : AgTf) system. The SPR peaks for such incorporated samples have been found to be broadened. The adsorption of silver particles on alumina was also developed. Furthermore, the onset of absorption has been observed at high wavelengths for the incorporated samples with alumina contents. The results achieved in this work show that the reduced silver nanoparticles and their adsorption upon wide band gap particles, such as Al 2 O 3 , represent an excellent technique to prepare the polymer composites with small optical band gaps. The optical band gap has been studied in detail by two distinct methods. Optical dielectric loss parameter ( ) associated with the electron transition from the occupied states to unoccupied states has been used to determine the band gap. From the quantum-mechanics viewpoint, the optical dielectric loss as an interesting parameter for the band gap study has been interpreted. Moreover, from the comparison of Tauc's plots and optical dielectric loss plot, the types of electron transition were identified. The formation of silver particles and their adsorption on alumina have been clearly observed from the transmission electron microscopy (TEM) images. In addition to the TEM analysis, optical micrograph for the surface morphology of the films has been studied. The images revealed white spots (silver specks) with different sizes on the surface of the films. To investigate the interparticle interaction, such as grain and grain boundary effects, the impedance Cole-Cole plot has been examined for different alumina concentrations. The second semicircle in Cole-Cole plots was found and attributed to the silver particles. The relaxation process has also been found to be of non-Debye type.
